Trial 1 tested the effects of ground vs whole flaxseed at dietary levels of 5, 10, or 15% compared to a corn-soybean or fish oil control on egg production of Leghorn hens over a period of 8 wk. Dietary flaxseed decreased feed consumption, weight gain, and egg weights compared to the control diets; however, flaxseed and fish oil significantly improved egg production (88.9 and 93.0%, respectively) compared to the control (83.1%). Incorporation of linolenic acid (Ci8:3n-3) m t° me e gg increased linearly as the level of dietary flaxseed increased (2.31, 4.18, or 6.83% of the yolk fatty acids for 5, 10, and 15% flaxseed diets, respectively). In Trial 1, flaxseed and fish oil significantly increased percentage white and decreased percentage yolk compared to the control treatment but had no effects on egg cholesterol. Trial 2 was a factorial design
INTRODUCTION
Dietary flaxseed is a rich source of linolenic acid that has been shown to dramatically increase the n-3 fatty acid content of eggs (Caston and Leeson; 1990; Jiang et al., 1991 Jiang et al., , 1992 . Flaxseed is one of the most concentrated sources of linolenic acid available in natural plant feedstuffs for poultry. Flaxseed contains as much as 35% ether extract, of which nearly 50% is linolenic acid (Cis : 3 n _3). Caston and Leeson (1990) reported a highly significant increase from 0.38 to 8.9% linolenic acid in the egg when diets included 20% flaxseed. Jiang et al. (1992) reported similar increases when feeding 15% flaxseed, but also reported a high incidence (36% of respondents) of fishy flavor in hard-cooked eggs from hens fed flaxseed. The fishy flavor was speculated to have come from oxidation of the flaxseed seed oil prior to consumption by the hens.
Altering the fatty acid composition of the egg through dietary ingredients has been well reviewed by Hargis of varieties of flaxseed (brown vs golden), types (ground vs whole), levels of dietary vitamin E (27 vs 50 IU/kg), and feed storage temperatures (4 vs 21 C) fed to hens for 6 wk. Brown flaxseed significantly increased egg weight and egg production compared to the golden variety. There was no difference in whole vs ground flaxseed for measured production variables. Vitamin E (50 IU) significantly improved egg production (96.1 vs 94.3%) compared to 27 IU. Storage temperature of flaxseed did not significantly affect any production variables. In conclusion, dietary flaxseed can be safely added whole to layer diets up to 15% without any detrimental effects on hen-day egg production. Levels of 10 to 15% flaxseed yield eggs with 4 to 7% yolk n-3 fatty acids, respectively, making these eggs rich sources of n-3 fatty acids.
1996 Poultry Science 75: 1221 -1226 and Van Elswyk (1993 . The potential health benefit of n-3 fatty acids in the human diet has also drawn attention since the original publication of Dyerberg et al. (1974) reporting a link between dietary n-3 fatty acid consumption and decreased incidence of cardiovascular disease in Eskimos. Linolenic acid has also been reported to be essential for brain development in the young rat (Lamptey and Walker, 1976) . A modified n-3 enriched egg could provide a rich alternative source of linolenic acid in the human diet.
Variety and physical preparation of the flaxseed seed for poultry diets may affect the palatability, rate of oxidation, and nutrient value of feed and egg products. To date, only the Neche (brown) variety of flaxseed has been tested in poultry diets and it is usually fed in a ground form (Jack Carter, North Dakota Oilseed Council, Fargo, personal communication) . The addition of vitamin E and anti-oxidants to rations high in polyunsaturated lipid may prevent oxidation of the feed and potentially of the egg products (Seeman, 1990) . The objectives of the trials reported here were to test dietary flaxseed level, ground vs whole flaxseed, variety of flaxseed, and storage temperature of flaxseed, and dietary vitamin E supplementation on egg produc-(Key words: flaxseed, layer, egg composition, n-3 fatty acids) 
MATERIALS AND METHODS

Trial 1
Eight diets (control, fish oil control, and 5, 10, or 15% whole or ground flaxseed) were fed to four replicate pens with three 43-wk-old DeKalb Delta Single Comb White Leghorn laying hens per pen. Pen density was 688 cm 2 per bird and each pen was equipped with a nipple waterer and a stainless steel feed pan. Diet compositions are given in Table 1 . Diets were formulated to meet the daily nutrient requirements of the laying hen at 90% egg production according to NRC (1984) recommendations and to be equal in protein and metabolizable energy content. Nutrient composition of the golden variety of flaxseed used for formulation was 93% dry matter, 6.3% crude fiber, 35.9% ether extract, 5.39% linoleic acid, 16.8% linolenic acid, 3,960 kcal/kg metabolizable energy, 24.0% protein, 0.44% methionine, 0.87% TSAA, 0.89% lysine, 0.55% available phosphorus, and 0.28% calcium (VaiseyGenser, 1994 and Ensminger, 1990) . Egg production and feed consumption were measured daily by pen. Hen body weight was measured weekly and egg weight was measured on 1 d egg production weekly. The birds were fed the experimental diets for 8 wk. At 7 wk, two eggs per pen were collected and saved for determination of percentage yolk, albumen, shell, cholesterol, and yolk fatty acid composition. Eggs were tested individually for a total of eight replicates per diet. Yolk cholesterol and fatty acid composition were determined by gas chromatography methods as reported by Froning et ah (1990) .
Trial 2
A2x2x2x2 factorial arrangement of 16 dietary treatments tested the effects of brown (Neche) vs golden (Omega) varieties of flaxseed, ground vs whole preparation of flaxseed, continuous storage temperature of mixed diets (4 vs 21C), and 27 vs 50 IU/kg supplemental vitamin E. Each diet was fed to four replicate pens of 24-wk-old Babcock B300 laying hens (five hens per pen) for 6 wk. Hens were housed at a cage density of 412 cm 2 per bird with a nipple waterer and stainless steel feed pan for each pen. Nutritive values of the brown and golden varieties of flaxseed were determined by laboratory analysis to be near equal in percentage protein, dry matter, and ether extract. Diet compositions are shown in Table 2 . Flaxseed was included at the 10% level in all 16 diets. Egg production and feed consumption were measured daily by pen. Hen weights were measured biweekly and egg weights on 1 d of production were measured biweekly.
Statistical Analysis
Trial 1 was analyzed by the General Linear Models procedure of SAS® (SAS Institute, 1989 ) and means were separated by Duncan's multiple range test, when the diet effect was significant (P < 0.05) (Snedecor and Cochran, 1980) . Contrasts tested were Control vs Flaxseed; Fish Oil vs Flaxseed; and Ground vs Whole Flaxseed for Trial 1. Factorial analysis of the variance of the data for Trial 2 was performed by the General Linear Models procedure of SAS® (SAS Institute, 1989) in which main and interaction effects were tested.
RESULTS
Trial 1 dietary effects on egg production variables are given in Table 3 . Diet only significantly affected egg weight and egg production. Feed consumption and body weight were significantly affected by the flaxseed dietary treatments relative to the control diets. Birds fed several of the flax diets (5% whole and ground and 15% ground) exhibited lower feed intakes and reduced body weight. Egg weight responded to dietary treatments with a significant (P < 0.01) decrease in size for the flaxseed (5 and 15% whole and ground flaxseed treatments) vs control and fish oil control diets. Egg production was significantly higher in the fish oil control hens, as well as the overall flaxseed average effect (contrast of control vs flaxseed at P < 0.06). Average egg production for the six flaxseed treatments was 88.9% compared to 83.1% for the control and 93.0% for the fish oil control diets. There was no effect of ground vs whole flaxseed on the production variables measured.
Dietary effects on egg components, cholesterol, and fatty acid composition are given in Table 4 . Diet significantly affected percentage egg yolk, specifically decreasing egg yolk weight in the fish oil treatment eggs and several of the flaxseed diet eggs. There was a significant decrease in average percentage yolk in eggs produced by hens on the fish oil control or flaxseed diets (contrast P < 0.01) relative to the control treatment. The contrast between ground vs whole flaxseed also was significant (P < 0.01), showing a decreased overall yolk size in eggs fed ground vs whole flaxseed. Percentage eggshell was also significantly affected by dietary treatment with an overall decrease in the flaxseed diets. This decrease may be due to a laxative effect of flaxseed and increased rate of passage. Diet significantly affected egg fatty acid composition. Only Ci 8:2 , Ci 8:3 , C 2 2:5, and C 2 2:6 are given in Table 4 , and all four were significantly increased with dietary flaxseed or fish oil inclusion. Linoleic acid (Ci8 : 2) increased when dietary flaxseed was fed at the 15% level. Egg linolenic acid increased linearly (2.31, 4.18, or 6.83% of the yolk) as flaxseed increased from 5 to 10 and 15% of the diet, respectively. The amount of docosapentaenoic acid (DPA) (C22:s) was relatively low compared to the other n-3 fatty acids, but was significantly increased by dietary flaxseed levels' of 10 and 15%. The presence of docosahexaenoic acid (DHA) (C22:6) in the yolk was highest for the fish oil control treatment (2.87%) but was also significantly increased relative to the control diet for the hens fed flaxseed. The DHA did not respond linearly to level of dietary flaxseed and averaged 1.72% of the yolk fatty acid content. There was no difference between ground vs whole flaxseed on fatty acid incorporation into the egg.
Trial 2 dietary effects on production variables are given in Table 5 . None of the treatments significantly affected feed consumption or body weight gain. Variety of flaxseed did significantly affect egg weight and rate of egg production. The brown variety produced more egg mass (56.5 g at 96.5% egg production) than the golden variety (55.8 g at 93.9% egg production). Preparation of flaxseed (ground vs whole) and storage temperature had no significant effect on any of the production variables. Body weight gain was significantly improved in the ground flaxseed group compared to whole flaxseed and in the low vitamin E supplement group (27 IU/kg). Level of dietary vitamin E did affect (P < 0.06) egg production, with the hens fed 50 IU/kg vitamin E producing 96.1% hen-day egg production and the hens fed 27 IU/kg vitamin E producing 94.3% hen-day egg production. Interaction effects (two-and three-way) among treatments were limited. Storage by vitamin E and flaxseed by storage interaction effects on feed consumption were significant (P < 0.05).
DISCUSSION
The effect of flaxseed on egg production characteristics in laying hens was discussed briefly by Jiang et al. (1991) , in which 16-mo-old laying hens were fed ground flaxseed for only 4 wk. Jiang and coworkers found no effect of flaxseed on egg production, egg weight, or specific gravity during that short trial. The results of the studies reported herein demonstrate a positive effect of flaxseed or fish oil on egg production and an effect of variety of flaxseed on egg production, with the brown (Neche) variety having greater effect on egg production than the golden (Omega) variety. These trials were conducted with hens in peak egg production as compared to the older hens utilized by Jiang et al. (1991 Jiang et al. ( , 1992 . Caston et al. (1994) reported negative effects of dietary flaxseed levels up to 20% on hen weight gain at 51 and 73 wk of age but no significant effects on total egg production. Aymond and Van Elswyk (1995) also reported decreased production in hens fed high levels of flaxseed (15%) over a 5-wk period in young 22-wk-old hens. Previous studies with flaxseed (Caston and Leeson, 1990; Jiang et al, 1991 Jiang et al, , 1992 do not state which variety of flaxseed was utilized; most likely it was a brown variety because the golden variety (Omega) tested in Trial 2 is a recent development of North Dakota State University.
There was a consistent effect of fish oil and flaxseed on decreasing yolk size and egg weight in these trials. This result may have been related to the effect of long chain fatty acids on estrogen activity in the hen, as reported by Whitehead et al, (1993) . Whitehead and coworkers found decreased egg weights in eggs from hens fed fish oil compared to those fed corn oil, and a corresponding decrease in plasma estradiol concentration. Whitehead et al. (1993) postulated nutritional regulation of hormonal metabolism by dietary fat in the laying hen.
Previous reports of flaxseed use in laying hen diets have all used ground flaxseed (Caston and Leeson, 1990; Jiang et al, 1991; 1992) . Considering the laying hen's capacity to grind coarse seed in the gizzard, it is reasonable to postulate that the flaxseed, which has a relative soft seed coat, could be adequately ground for digestion. This effect was proven in Trials 1 and 2 reported here, which showed essentially no significant differences between ground vs whole flaxseed for any of the production or egg variables measured. Differences between whole vs ground flax at any of the various levels of flax treatment (5, 10 or 15%) were significant only for percentage yolk, showing improvement in yolk size with whole flax. This finding does not support the report of Aymond and Van Elswyk (1995) , who reported greater deposition of n-3 fatty acids in eggs from hens fed 15% ground vs whole flaxseed. An advantage of feeding whole flaxseed is reduced potential for lipid oxidation during feed storage.
Incorporation of fatty acids into yolk from flaxseed was similar to those reported by Caston and Leeson (1990); and Jaing et al. (1991) for linoleic acid (C 18:2 ) and linolenic acid (Ci8:3)-Caston and Leeson (1990) reported 14.6% linoleic acid and 4.6% linolenic acid in eggs from hens fed 10% flaxseed; similar to the values reported in this paper; 12.76% linoleic acid and 4.18% linolenic acid in eggs of hens fed 10% flaxseed. Jiang et al. (1991) reported 6.9% linolenic acid in eggs from hens fed 15% flaxseed, which is comparable to the 6.83% linolenic acid found in eggs produced in this study from hens fed 15% flaxseed. The levels of DPA (C225) were lower and those of DHA (C22:6) were higher in these studies than in the study of Caston and Leeson (1990) . The consistency of incorporation of linolenic acid (Ciss) from flaxseed into the egg helps ensure a reliable and consistent egg product for human consumption in the designer food market (Hargis and Van Elswyk, 1993) .
The independent positive effect of Vitamin E supplementation to 50 IU/kg of diet in Trial 2 was unprecedented. This effect was during peak production of the laying hen and amounted to a 2% increase in henday egg production. Follow-up studies on the role and requirement of vitamin E in laying hens during peak egg production are probably warranted based on the observations of Trial 2 in these studies.
In conclusion, up to 15% whole flaxseed can be fed to laying hens during peak egg production with no detrimental effects on egg production. The brown (Neche) variety is the superior variety for egg production. Incorporation of linolenic acid (Ci8 : 3) into the egg yolk is a predictable function based on percentage flaxseed fed in the diet.
